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ART. XLIV.-On the Action 'of Frost in the al'1'allgement of 
superfidal earthy maten'al j by Professor W. C. KERR. 

To a foreign geologist, entering the Middle and South At
lantic States for the first time, a hundred miles or more fmm 
the coast, the most striking and novel feature of the geology is 
the great depth of earth which almost everywhere mantles and 
conceals the rocks. This is readily discovered to be, for the 
most part, merely the result of the decomposition in situ of the 
exposed edges of the underlying strata. The vertical and 
highly inclined bedding lines of these strata,--Archman schists, 
gneisses and slates,-are distinctly traceable by the eye through 
this superficial earth-covering, and are seen to pass by insen
sible gradations into the undecayed rock beneath. Its depth 
varies fmm a few feet to twenty 01' thirty, and sometimes twice 
that and more, being usually greatest on the slopes of the hills. 

So much is obvious, to the most casual observation, in the 
railroad cuts, and in the gullies by the roadside. But a more 
minute and systematic study of these superficial earths soon 
shows that the matter is not nearly so simple and easily ex
plicable. It very soon becomes evident to the careful observer 
that there are in fact three kinds of earth'y layers, each having 
a different structure and origin. Their usual color is brick
red to brown of various ;'lhades, from t.he oxidation of the iron
bearing minerals. 

The banded structure of the original rocks, above referred to 
as characteristic, being marked by difference in color and com
position, according to the var.ying lithological and chemical 
constitution of the underl'ying strata, does not reach the sur· 
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face, but fails at the depth of four or five to eight or ten feet 
or more, the materials above this befng quite homogeneous. 

This thin top layer is well nigh universal, and always recog
nizable. A little attention suffices to show that it owes its dif
ference in structure and appearance to the p'enetration and the 
mechanical and chemical action of the roots of forest trees. 
The mechanical action of these roots has broken up and oblit
erated the lines of bedding and commingled the different mate
rials, and their chemical action, living and in decay, has 
changed their composition and color, sometimes bleaching the 
whole mass in a degree which decreases with the depth, and 
not unfrequently in a very irregular manner, so that a section 
presents a pied surface,-red, of various shades, mingled with 
splotches of a gray, or pipe-clay color. 

A second division of the superficial beds in question under
lies (or replaces) the preceding, but is much less extensive, 
being found chiefly on the hill slopes and occasionally arching, 
in thinner mass, over the tops ot flattish ridges and swells. It 
is found throughout the hill country and the mountain sectioh 
of the State, being most conRpicuollS in the Piedmont, and pasH
ing, eastward, in'sensibly into the Quaternary deposits. The 
thickness varies from a few inches to twenty, thirty and even 
fifty feet, and the beds are very irregular in form. These depos
its are best developed and may be most successfully studied 
in the gold gravels or placer beds of the State; but their struc
tural features may be seen in the railroad cuts almost every
where. 

This division is, in general, readily distinguishable from the 
underlying mass, first, by a complete obliteration of the, bed
ding lines and by a sharp line of separation, and secondly, 
(from both the other divisioris) by a thoro,ugh commingling 
and a more or less obvious (if generally paTtial) rearrange
ment of its materials,-un obvious tendency to restralijication, in 
an approximately horizontal direction. This generally con
sists merely in an aggregation of the coarser materials of the 
beds toward the bottom, or along certain hOl'izontallines. 

This and other featmes of these beds will be best under
stood from a few diagrams. Figure 1 represents a section seen 

L L 

in a railroad cut neal' Henrv Station, not far it'om the eastern 
base of the Blue Ridge in McDowell County. We have here 
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a mass of earth with fragments of rock, mostly quartz, of vari
ous sizes, in a nearly homogeneous accumulation, with scarcely 
a discernible arrangement. Figure 2 represents a similar de· 
posit of tnuch le~s depth, in a railroad cut at Cary, nearRa
leigh; and figul·e 3, one near Rockingham, in Richmond 

~ ~ 

County, the last two near the margin of the Quaternary depos
its. In figure 4, from the same locality as figure 1, we have 
an accumulation of coarser and more heterogeneous materials. 
In the three former cases, there was simply earth with small 
fragments of quartz; in the latter, besides quartz fragments 
and bowldel·s ft yard in diameter, fragments, large and small, 
of gneiss and hornblende slate and 
other u nderl yi ng rocks. In figUl"e 
5 the deposit is shown as capping 
the summit of a hill, a phenom
enon of not uncommon OCCUITence 
in the Piedmont region: the sec· 

5. 

tion here shown is found neal· Old Fort, in the upper 
Catawba Valley. In this and in figure 6, two points are 
illustrated, viz: the partial arrallgement of the materials, the 
accumulation of the larger fragments and pebbles toward the 

6. 

bottom of the beds, and along certain horizontal planes, 
and the complete independence of these deposits on the 
form of :he surface on which they lie. They also illustrate 
another llnportant point, viz: that the present topography of 
the surface is the result of an extensive erosion, sub.sequent to the 
accwnutation of these deposit.s, so that the hills and valleys of 
the present and the subjacent t?pography have often changed 
places, and these present depOSIts are mere remnants of much 
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larger and wider accumulations which once filled up the val
leys and mantled over the hills and obliterated the features of 
a former topography. rL'his conclusion is abundantly attested 
by numerous observations. 

Figure 7 brings out another common feature,-the occur
rence of periods ill the deposits, or of several deposits one 
upon another. This section is taken from a gold placer in 
Brindletown, Burke County, near Morganton, at the foot of a 

7 little mountain, called the Pilot, the lower 
. slopes of w bich, next the valleys and streams, 

IE"''=:-::'''--__ are covered with placers of varying depth, 
up to fifty feet. The same thing is shown 
in another placer mine on the same side 
of the mOLlntain, a section of which is 
given in figure 8. rPhe division between 
the successive beds at this point is not 
as sharp as represented in this diagram, 

although in many cases they are so. The lowest stratum 
(1) which lies on the decomposed gneiss and mica schist 
(the slate of the miners), is a four to five foot stratum of 
slightly rounded quartz fragments of an inch or two to six 
inches in diameter, the interstices filled with gravel and earth, 

8. 9. 

-a coarse half-compacted conglomerate, which gives place, 
upward, to a bed of gray, or ash-colored earthy clay (2), six 
or eight feet thick, above which lies twenty-five to thirty feet 
of red gravelly earth (3), with a few small scattered quartz 
fragments. 

Figure 9 represents another similar deposit half a mile dis
tant from the last, the section being taken, as were the last two, 
in the gold mines of Col. J. C. Mills, the last at the eastern 
base of the Pilot, and at a somewhat lower level. The two 
lower division lines, in this case also, a1'e a little too sharp, 
the only distinct breach of continuity being found between the 
strata c and d: a and b shading into each othel', somewhat ab
ruptly, and so b into c. In this section a and c correspond to 
1 and -2 of figure 8, b being an interpolation, and furnishing 
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the explanation of the bed 2. This interpolated bed i.s a peaty, 
black, gravelly soil, with blackened stems and bark of trees 
and fragments of wood and grass blades, roots and stems. 
The bleaching of bed 2, figure 8, and of c, figure 9, is evi· 
dently due to the solvent action of the humous acids from the 
old Roils of the slopes from which this deposit came. 

Figure 10 is a section in a railroad cut near Statesville in 
Iredell County, which shows two muck beds a, a, in contigu-

10 

ous depressions which have been buried deeply by earthy ac
cumulations, which show only a slight tendency to stratification, 
in the apparent setti£ng of the quartz fragments. 

Now in none of the foregoing sections is there any indica
tion of a proper stratification by the action of watel·. Indeed 
it is clear enough that the action of water is excluded by the 
most obviolls features of these deposits. It is proper to say 
here, however, that there are deposits here and there, which 
do show traces of such stratification; and occasionally, in cer
tain situations, deposits like those above described, in some 
pal'ts of them, show slight and partial indications of water 
action. rrhese, however, are exceptional, and constitute a 
class by themselves, and need not detain us here. 

The diagrams above given represent the general character of 
hundreds of sections to be seen along any of our railroads. 
They offer no hint or suggestion as to the origin of these de
posits, the cause or mode of their formation. The most fre
quent and conspicuous of these phenomena are seen, as stated 
above, in the Piedmont. The railroads of necessity follow 
the course of the river valleys, and the sections are conse
quently those of the lower ends of the jutting hills and spurs 
which slope down into the margins of the plaills: that is, 
they are transverse sections of these ridges and slopes. It 
goes without saying, that the al'l'angement of the materials of 
these deposits, the settling of the heavier elements, can only 
have occurred in consequence of some sort and degree of 
movement of the mnss. It is equally evident that such move
ment, whntever its cause, must have been in the di.rection of 
the slope of the su rfaces on which they lie, that is, at right 
angles to the usual plane of section. And it is only by observ
ing the relation of the arrangement or settling, to the situa
tion on the slope, and by studying this arrangement at different 
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elevations along the line of movement that a clew to their 
origin could be had. The gold mines, at different elevations 
near the base of the Pilot, furnished the opportunity for such 
comparison. It was thus seen that the distribution of the 
materials of these deposits at their upper portions is represented 
by figures 1, 2 and 4; at a lower point by figures 3, 6, 7; and 
still lower by 8, 9. That is to say, a lOllgz'tudinal section, down 
the slope, would be expressed by figure 11. Above, toward the 
left of the figure, the angular fragments of rock are distributed 

11. 

through the mass, but they are seen to descend, and to accu
mulate with the descent, toward the floor of the deposit and 
to become more rounded. It may be stated here that the 
coarse particles of gold in these placers are found with the 
pebbles,-gravel, and where these have accumulated at the 
bottom, only this part of the deposit is usually wrought, unless 
water is abundant; but at higher levels, where the gravel is 
scattered through the mass, the coarse gold is eq ually diffused. 

The movement down hill then is evident, and the degree of 
arrangement or settling is proportioned to its amount. Of 
course the first suggestion that occurs, on this presentation of 
facts, will be that gravitation may have given rise to the mo
tion. But this theory would not be entertained for a moment 
by one tamiliar with the actual sections. 'l'hese deposits oc
cupy the lower slopes of the bills, just where they meet the 
plains, the inclination varying from two or three to ten and 
rarely twel ve degrees. This is obviously quite insufficient 
to give rise to any sensible movement fl'om gravitation. Such 
movements of IOOf'le earth and stones do occur, but only on 
steep slopes of 40° and upward; and such accumulations are 
not uncommon at the foot of steep declivities; but these are 
distinguishable at a glance from the deposits in question, 
And further, instances are not unfrequent of the movement of 
these deposits on a dead level, and even up hill, over local ob
structions or irregularities of surface. 
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The following diagrams illustrate these points, and show the 
grounds on which the theory adopted for the solution of the 
problem of the formation of these deposits rests. 

Fig. 12 represents a section in a railroad cut near Morga?
ton, which gave the first bint of the true theory of the Oflgm 
of these beds; and fig. 13 is 
a similar section ten miles 12. 

west of the former. near Muddy 
Creek bridge. I ~ both these 
cases the vein (shown at a) 
is distinctly seen to be the 
source of the jointed, rhom
boidal quartz fragments which are scattered along the floor of 
the deposit toward the right hand end of the diagram, a dis
tance of one to several rods. 

Fig. 14 represents the opposite side of the same railroad cut 
as fig. 12. In this the fragments are scattered right and left 
from the vein. 

Fig. 15 i::; a similar section froln a railroad cut in Richmond 

13. 

county, near the Peedee ri vel'. In this case a large quartz 
vein in a cbloritic argillaceous slate has been broken down 
by the denudation which the 
rocks have undergone, and its 14. 

fragments have been carried 
to the left and have settled 
part way through the moved 
mass, the upper portion of 
which has been removed by 
subsequent erosion. 

Fig. 16 represents the first 
stages of movement across a 
small vein. This is a quartz vein seen in section in a gold mine 
on the slopes of the South Mountains, near Brindletown. The 
thin-bedded, soft, decomposed mica schists are intersected by 
numerous small veins and seams of a granular (saccharoidai) 
quartz, varying from a usual thickness of one to three inches 
(occasionally four to six) down to a mere line. These thin 
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veins and seams are so numerous in places, and contain so 
much free and loose gold in the crevices and on the walls that 

15. 16. 

it is profitable to sluice down the whole mass. The quartz is 
also rich enough for milling, yielding from ten to forty dollars 
to the ton. Other illustrations of these veins may be seen 
from the same mine in figs. 19 to 2l. 

It is clear, then, that these deposits were not accumulated 
by the action of water, nor by gravitation; and they present 
none of the features by which glacial deposits al'e usually 
recognized. No precisely parallel phenomena seem to have 
been observed elsewhere, or they are not recorded. And they 
remained an enigma to me fOl' several years; and until such 
sections as shown in figs. 12 to 16 were discovered and studied. 
In these, and in those subsequently found in the gold placers, 
the character and amount of movement were clearly revealed. 

The explanation which these facts have suggested, and which 
subsequent observation in this State and in other States has 
fully confirmed, is that the movement in question, to which 
the gradual settling of the heavier particles and fragments 
through the mass is due, was produced by frost, and that these 
deposits are of glacial age. As the earth is often frozen, 
in Canada and even in Vermont, during severe winters to a 
depth of eight or ten feet; and as in Labrador and other sub
arctic regions the frost of the present winters penetrates to a 
much greater depth, so, it is evident, that during the preva
lence of the great ice sheet. over the northern end of the conti
nent, as far down as Pennsylvania, and the prevalence of an 
arctic c1imate in these middle latitudes, the earth was annu
ally frozen to a depth equal to the maximum thickness of these 
deposits. The alternate freezing and thawing of the saturated 
mass of decayed rocks, constituting the pre-glacial surface, 
would of necessity produce just the movement and settling 
which are described above. That is, this freezing and thawing 
would give rise to precisely the same movements of the mass, 
and of the particles inier se, as are seen to occur in the true 
glacier, differing only in am01mt. In other words, these masses 
were earth glaciers, and these deposits ma.v be denominated 
frost drift, as distinguished from proper glacial drift. 
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I do not see how these conclusions can be avoided. It seems 
evident that such phenom'ena must have occurred during the 
prevalence of cold of the intensity which an admitted arctic 
climate must have produced. And, if so, similar effects ,must 
be produced in arctic climates, and to some extent in the high 
latitudes of climates less intense, to-day. And, if so, too, simi
lar phenomena may be expected 'to be found in regions farther 
north, produced during the retreat of the ice when these 
regions were successively subjected to the same degree of cold. 
Of course these effects would be visible only in exceptional 
localities, where the surface was not buried under glacial 
debris, and where the exposed rocks were capable of compara
tively rapid disintegration. And, in fact, I have seen in 
Philadelphia and vicinity, phenomena which plainly come 
under this class. During the Centennial Exhibition, Market 
street was extended westward a square above Forty-fourth 
street, and a hill of some twenty feet was brought to grade in 
the process. Happening to pass during the excavation, I took 
a sketch of the exposed section, which is given in fig. 17. The 

H. 

rock is gneiss and mica schist with hornbl~ndic and chloritic 
strata, inclined at a high angle, and decomposed, for the most 
part, the entire depth of the cut, presenting a banded section 
of variously colored earths. The most striking and novel 
peculiarity of this section is shown in the sketch, viz: the 
gradual drawing out,-attenuation of these, colored bands, as 
the parts of them in succession were moved down the slope. 
This section furnishes a new illustration of the character of 
the relative motion of the different parts of the mass. 

As the thickness of the deposit at this point is not more 
than three to four feet, and there was no reason to suppose any 
recent or rapid denudation, the probability is strong that it is 
of recent (p1'esent) origin, the existing climate of Philadelphia 
being equal to the production of such effects. Fig. 18 repre
sents a similar section in a drift of a mica mine in Yancey 
County, this State, near the base of the Black Mountain. 
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Among the inferences from the above conclusion, in the way 
of a corollary, is this important one, that the deep decomposition 

18. of the rocks of these latitudes has 
been effected entirely in post-glacial 
times, since the movement of these 
earth glaciers would sweep away 
every thing movable. down to the 

~~~~i1. .. ;2: ,2.. solid rock j and the frost was suffi-
. cient to carry the movement to the 

greatest depths of previous decomposition. And this conclusion 
is confirmed by two observations j first, tliat the force which 
was sufficient to rcmove the bow Iders and rock fragments which 
often constitute thc lower portion of these deposits-frequently 
of several tons weight, would abrade and remove every thing 
but the solid rock; and second, that the ilTegular form which 
the floor of these deposits often exhibits, as seen, for example, 
in fig. 13, cOlTesponds to the unequal decomposition of the dif
ferent strata of these very variable flchistose rocks. This of 
course excludes any theory like that sometimes broached, 
which undertakes to account for this phenomenon, by invoking 
the action of a palemval atmosphere surcharged with carbonic 
acid. 

As already stated incidentally. the gold gravels, or placers, 
of this State, of which there are several hunched square miles. 
belong to this class of frost drifts. The miners in these de
posits usually wash only the lower stmtnrn of "gravel," or peb
bles, which lies against the bed rock, 01' slate, together with an 
inch or two of the sllrface of this slate on which the coarser 
gold particles al'C lodged. The gold and the quartz pebbles 
are derived, as above indicated, from thin veins and strings 
which penetrate the more thin-bedded mica schists. As these 
are disintegrated and broken down and moved, in the manller 

19. 

just described, or abraded and swept down by floods, these 
pebbles with the coarser gold are collected either in the man
ner described, or in the beds of the streams. Examples of 
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these veins are shown in fig. 19, which represents a common 
aspect of them in section, in the mines previously alluded to, 
in which the veins themselves and the including 
mass of decomposed rock are sluiced down and 
washed just like a placer. In fig. 20 a vertical 
section of 20 feet of a single vein of this descrip
tion which is a thin sheet of quartz, of an inch 
and less in thickness, yet I'ich enough to have 
been followed to a depth of 20 and 30 feet 
for many rods, Fig, 21 represents the floor of 
another mine at the same locality, in which 
several such thin sheet-veins are wrought in one 
cut, the vein-matter being reduced to nothing at 
certain points, leaving a mere joint or fissure 
plane. 

20. 

In fig. 22 the relation of the placers to the 
topography, and of both to the governing geo
logical conditions, are exhibited. This diagram represents an 
ideal section southeast and northwest, transversely to the strike, 
across two of the richest and most noted gold valleys, separated 
by the Pilot, already familial' to us; these are the valleys of 
Silver Creek and Muddy Creek, 21. 
known as Brindletown and Bracket
town. The Pilot and the ridge of 
the South Mountains (the left in 
·the section), owe their existence to 
the harder and heavier bedded gneisses of which they are 
composed, while the valleys have been scooped out of the 
softer and thin- bedded mica schists and hydromicaceous 
rocks, which are also more abundantly veined. It is an old 

22. 

observation of the practical miners, that the gold deposits 
occur oulyon the east (and south) slopes of the mountains, 
while the opposite slopes are comparatively barren. The 
reason is ohvious from an inspection of the diagram. The 
thicker bedded rocks have fewer veins, and the southeast 
slopes are the long ones, while those opposite are steep and 
short; and much the larger part of the abraded vein-bearing 
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masses have been removed from the space above these long 
slopes. 

It has already been stated that, as shown by the most obvi
ous features of these deposits, they have been much more ex
tensive than at present. In some cases, over considerable 
spaces, the deposit bas been entirely removed by denudation, 
leaving only the floor covered with a layer of quartz pebbles 
and angular fragments, and the gold in the present soil within 

23. 

reach of the plowshare. Many of the richest gold wasbings of 
this state have been of this description, and farms, gardens, 
yards and the sites of houses have been sluiced away, and 
thousands of dollars pel' acre obtained from soils that had been 
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cu1tivated for generations. in ignorance of their mineral riches. 
Large tracts of this character, hundreds of acres in extent, a:e 
found in the localit.y already so often cited, the foot-slopes. III 

the Pilot. The annexed diagram, figure 23, of a placer lylllg 
on a swell of land between those represented in figures 8 and 
9, illustrates this point. The whole surface of this fla~ swell, 
which is nearly half a mile in width, is covered wlth the 
quartz fragments of the old bed gravel of an enveloping placer, 
which has been entirely abraded, leaving its quartz and go~d 
in the soil, with the exception of the fantastic bifurcated strip 
seen in the figure, w hicll evidently was preserved from abra
sion by the ful'l'OW which the moving mass had plowed a. little 
deeper along this line. '1'he thickness of this strip increases 
from a few inches at the top to more than ten feet below the 
singular golden cascades represented on the two arms. Hap
pening to be present while the lust of this curious placer was 
worked out, I was able to catch and sketch its peculiar features. 
'1'his small remnant of an extensive deposit preserves, as shown 
in the sections, at A-A for example, all the characteristics of 
such drifts,-a dense bed of coarse" gravel," of angular quartz 
fragments, at bottom, carrying most of the gold, and a thinner 
and more scattered layer in the middle, with visible gold par
ticles, and the finer gold diffused through the whole ten feet 
of depth in sufficient richness to justify the excavation and 
washing of the entire mass. 

The diagram (ideal as to its lower portion, and contracted 
longitudinally), also exhibits the character and origin of the 
gold deposits in the creek bottoms of the region, which were 
extremely rich when first wrought, tbirty·five to forty years ago, 
yielding ten dollars a day to the hand, with the rudest appa
ratus and most unskillful labor. The gold of these creek 
gravel~, as shown in the figure, was derived from the placers 
swept down from the adjacent slopes. 

And it ma.y be of sufficient interest to justify the repetition 
here of a fact to which I have recently called attention elseWhere, 
that these gravels are regularly worked over at intervals of eight 
to ten or twelve years, and at some of the localities, on Silver 
Creek, for instance, they have been re-worked profitably half a 
dozen times, only the coarse gold being obtained each time by 
the rude appliances and methods used. The point of interest 
is, that the fine and diffused and scale gold which escapes in 
these rough washings and sluicings, evidently undergoes a pro
cess of aggregation: a fact which was noted by Professor 
Lieber, state geologist of South Carolina, in his geological 
report of that State, published before the war, but which seems 
to have escaped due attention. 'rhis is readily accounted for by 
the considerations first, that gold is soluble in alkaline waters; 
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and second, that these drifts are largely the debris of half
decomposed feldspathic gneisses and schists, of which the teld
spathic particles are undergoing kaolinization, liberating the 
alkaline salts, while the silica attacks such fmgments of organic 
matter as happen to be present, subjecting whole trunks of 
trees of more than a foot in diameter, to complete silicification 
even while lying within a few feet of the surface, and facing 
the drusy rifts of the wood with perfectly terminated quartz 
crystals. 

Raleigh, N. C., March 15, 1881. 




